In this paper, the stiffness mechanical property of natural fiber reinforced thermoplastic composites is analyzed using composite micromechanical model. Kenaf natural fiber is selected as the reinforcement material in the composites construction while three types of commonly used automotive grade thermoplastic matrices, namely polypropylene, acrylonitrile butadiene styrene and polyamide 6 were selected to be reinforced with kenaf fibers. Their stiffness property was later analyzed using Halpin-Tsai micromechanical model at varying fiber content and fiber aspect ratio conditions. In all cases, theoretical results show that the kenaf reinforced thermoplastic composites stiffness increased linearly as the fiber contents were increased. Apart from that, results also show that the stiffness property also increases as the fiber aspect ratio was increased. Higher final composites stiffness property was also observed as stiffness matrix material is utilized in the composites formulation. The prediction results also provided valuable and quick insight as well as cost effective alternative to composite designers in assessing the stiffness performance of natural fiber composites especially those which are reinforced with thermoplastic matrices compared to conventional experimental technique for automotive product development purposes in addition to identifying the optimal parameter to be put into focus in their composites design to achieve the intended design performance specifications.
Introduction
Natural fiber thermoplastic composites have gain high interest especially in the automotive industry as among the potential solution to achieve better sustainability performance for new automotive product development apart from lightweight and lower cost advantages compared to traditional synthetic composites [1] [2] [3] . Among these fiber-reinforced composites, short fiber-reinforced composites that have an average fiber length of less than 1 mm has been reported able to comply with the injection moulding requirement in mass production especially for automotive applications [4] . However, scarce material property information such as stiffness and strength often limits the potential of utilizing the material in automotive product design especially when newer reinforcement materials are involved. In this paper, the stiffness mechanical property of natural fiber reinforced thermoplastic composites is analyzed using composite micromechanical model. Their stiffness property was later analyzed using Halpin-Tsai micromechanical model at varying fiber content and fiber aspect ratio conditions. Kenaf natural fiber is selected as the reinforcement material in the composites construction while three type of commonly used automotive grade thermoplastic matrices, namely polypropylene (PP), acrylonitrile butadiene styrene (ABS) and polyamide 6 (PA 6) were selected to be reinforced with kenaf fibers. Kenaf fiber has high cellulose content (72 wt%) which contribute to higher tensile properties due to its crystalline structure comparable with other establish natural fiber used in production cars such as hemp (68 wt%), sisal (65 wt%), jute (61-71 wt%) and flax (71 wt%), is very promising to be explored as reinforcement material for polymer composites application [5] . In the other hand, the advantage possessed by thermoplastic matrix due to their recycling capability generates increasing interest for similar application whereby they provide an alternative end of life method to landfill disposal [6] .
Research Methodology
In general, there are various micromechanical models developed to predict the mechanical properties of single fiber/matrix polymer composites system. Among the most applied micromechanical models is the Halpin-Tsai equation [7] . The Halpin-Tsai equation was proposed by Halpin and Kardos, which was originally based on the Hill micromechanical model. The Halpin Tsai model is able to reflect the change of tensile modulus the in relation with the fiber loading and fiber aspect ratio. However, the Halpin-Tsai equations provide useful estimates as long as the fiber volume fraction is not too high. For fiber loading higher than 50 vol%, it is reported that the Halpin-Tsai estimates begin to underpredict the actual properties, with the degree of the underprediction increased as the fiber volume fraction increases [8] . Nevertheless, in many preliminary design situations where rough estimates of the modulus is often accepted, the Halpin-Tsai estimates can be useful even when they deviate somewhat from more carefully (and expensively) determined values.
The elastic modulus of single fiber/matrix composite system, E using Halpin-Tsai equation is calculated using Eq.1 [9] 
(1) where η is the efficiency factor and calculated using Eq. 2
(2) where ζ is the shape fitting factor of the lamina/laminate. Ef and Em are the fiber modulus and matrix modulus respectively. Summary of the shape fitting factor, ζ values corresponding to the different type of moduli is shown in Table 1 . 
Results and Discussion
In this study, kenaf bast fiber with predetermined fiber length was chosen as the reinforcement material while three type of commonly used automotive grade thermoplastic matrices, namely polypropylene, acrylonitrile butadiene styrene and polyamide 6 were selected as the matrix for the natural fiber polymer composites. Table 2 shows the materials properties of the kenaf bast fiber and thermoplastic matrices.
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Achievements in Engineering Sciences Five (5) different fiber loadings were selected for the kenaf thermoplastic composites to study the effect of fiber loadings to the elastic modulus in both longitudinal and transverse direction. The Halpin-Tsai equation was applied to analyse the elastic properties for all fiber loading conditions. In addition, using similar model, the effect of fiber aspect ratio to the final compostes rigidity properties were investigated based on five (5) different fiber aspect ratio values. Results of the analysis are shown in Table 3 , Table 4 , Fig. 1 and Fig. 2 . Based on Fig. 1, results show that the final kenaf thermoplastic composites rigidity increases in both longitudinal and transverse directions as the fiber loadings were increased from 10 to 50 vol% for all type of matrices used. This is contributed to the larger amount of kenaf reinforcement material aggregared into the matrix which acts as the main load bearing agent thus improved the final composites mechanical property [12] . In addition, the observed trend also shows that significant improvement of elastic property in longitudinal direction was achieved compared to the elastic property in transverse direction when fiber loadings are increased, indicating that the kenaf fiber loading parameter causes higher effect to the longitudinal elastic modulus compared to the transverse elastic modulus of the natural fiber polymer composites. These results also highlight a great anisotropy of vegetal fibres between transverse and longitudinal properties [13] .
Meanwhile, as shown in Fig. 2 , at constant fiber loading, increasing the fiber aspect ratio resulted in the increase of the final kenaf thermoplastic composites rigidity for all type of matrices. Higher aspect ratio enable better dispersion of the matrix in the composites and more effective transfer of stress to the matrix [14, 15] . Interestingly, in both varying fiber loading and aspect ratio conditions, higher rigidity performance were also observed for kenaf reinforced with PA 6 matrix compared to ABS and PP. This is due to the inherent modulus property of each thermoplastic matrix, whereby PA 6 possessed the highest Young modulus followed by ABS and PP resin as shown in Table 2 .
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Conclusions
In conclusion, prediction results using the Halpin-Tsai equation show that final kenaf thermoplastic composites rigidity for both longitudinal and transverse directions is strongly affected by fiber loading contents and fiber aspect ratio. Higher fiber loadings as well as higher aspect ratio are able to increase the final kenaf thermoplastic composites rigidity performance. Apart from that, selection of higher modulus thermoplastic matrix in the kenaf composites formulation will also result in better final composites rigidity property. In addition, The prediction results also provided valuable and quick insight as well as cost effective alternative to composite designers in assessing the stiffness performance of natural fiber composites especially those which are reinforced with thermoplastic matrices compared to conventional experimental technique for automotive product development purposes in addition to identifying the optimal parameter to be put into focus in their composites design to achieve the intended design performance specifications.
